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OBJECTIVE CRITERIA FOR EVALUATION OF GRADING SCALES

- The wide use of sophisticated multivariate measures sometimes leads
us to overlook possible margins for improvement in the component uni-
variate measures. The academic grade is, from one standpoint, an ex-

! ] - ample of such a univariatefmeasure.r A single grade is typically used '

to summarize a-multivariate collection of measurements -and judgments of

) student behavior in a given course., Frequently, there is some inter-
mediate measure such as the numerical sum of scores given on various

tests and evaluations. The objective here will be to review some ways-

B B

2 - . to assess the loss in information contained in these intermediate uni-

- variate measures through transformation to sub-optimal rnivariate grade
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scales. The loss of information due to combination of multivariate

measures into a univariate measure will not be covered. In the course

ol

of this review, explicit application will be made of some reﬁresenta;

AR L

ok - tive criteria which appear to be implicitly—used'by those whq,ha#é

selected certain presently used grade scales.
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i: 7 ) ' Criteria appear to be of two types; (1) those leading to grades
B "~ which imply a continuum of performance and (2) those which imply dis-

LSRR A LR R A TS L NI

o

~ - cretefcétegdries of pérformance. An examﬁle of criteria which imply a
{{ continuum of performance is therproduct-moment correlation coefficient

as-used by Willingham (1964) to measure effects of use of'diff;rent
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J
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: ) grading scales on validity-coefficients. Simple objéctive criteria of
categorizations -are more difficult to find but measures such as the

F total nuﬁbe: of correct categorizations are representative,

AT REC IR EL IR T

Since some type of B;category grading scale (e.g. A-B-C-D-E) is

probably most widely used in U. S. colleges we will begin by evaluating

a selecfion of such scales,

Category Size

One approach to the translation of test scores into grade categories
is to define the grade category size in terms of standard deviation

(s.d.) units of the observed score distribution. If the underl&ing
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distribution is ﬁormal it is obvious that only the middle three categories
of a 5-category scale can conform to the specified size. Since the normal
distribution is unbounded the two "outer" categories must each have one
bound uné;ecified so as to include all extrema values, If we decrease

the size of the three central categories we find that a;,the categofy

size approaches zero, the central categories tend towards insignifi-

" cant size and we obtain a 2-category scale (the extreme categories) as

a limiting case. On the other hand, with incréasing central cafégory )

size (hereafter abbreviated ''CCS") we find that more and more obser-

~ vations fall into the center category, a'l-cétegory scale is hltimately

approached. As can be seen in Table 1, by the time a CCS of about 1,6

8,d. is reached the grade scale has become effectively a 3-category scale.

 TABLE 1

Distribution of Ss on 3-ca£egory'§cales

of,Vafiingfggntrél.gp:egofyfgizés

Category

ccs A B c D . E
.0 50 .00 .00 .00 .50
.2 .38 .08 .08 .oé ' .38
4 27 a5 6 15 .27
.6 .18 .20 .24 .20 .18
.8 12 © .23 .31 .23 .12
1.0 Y .24 .38 .24 .07
1.2 .04 .24 45 26,04
1.4 - .02 .22 .52 227 .02
1.6 01 .20 .58 .20 .01

Note,--CCS is in standard deviation units,
An application of the criteria mentigﬁed above would be the selection of -
one of the category sizes in this range as optimal for some related

purpose, .
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Grade Scaling Model

By use of Pearson's tables of volumes under a bivariate normal
surface for different values of p (Pearson, 1931, Tables VIII and IX),
it is possible to construct 5 x 5 contingency tables which represent

the number of joint éategorizations on two scales having a‘pdpulhtion

~ correlation of p and a given sample size N. Such tables were con-

structed for N=1,000,000, p = 0, 350, .70, .95, and 1,00 and for the nine

CCS values used in Table 1, Table 2 shows -one-such table, . In each

- case it is assumed that the scores on the two measures being compared

are

TABLE 2

Sample Contingency -Table ~

Joint Distribution of Scores on Two Scales

A o0 0 16 16237 50554

B 0 7. 44512 180954 16237

c 16 4s12 1293870 . 44512 16

D 16237 180954 - 74&512 27 0

B 50554 16237 % 0 0
E D c B - A

Note,~-p=.95, N=1,000,000, CCS=1.0

':based on an underlying continuous bivariate normal distributionrwith

- parameter p. In the following discussion exampleé using p = .95

will be emphasized since this is giose t§ the value of .94 suggested

by Kelly (192]) as the minihum degree of relationship necessary for

measures of individual accomplishmént.
- . Correlation

For each contingency table we can compute the product-moment cor-

relation coefficient, r, Figure 1 shows the relationship of r to CCS
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Figure' 1, Evaluation of 5-category scales of varying

Central Category Size by three criteria,
is bivariate normal with p = ,95, -

Underlying population

12 14 16




mwnm-«vw-l
T

5=

for p = .95, It will be noted that r is less than p for all values of
CCS. There are "coarse grouping formulas available for correcting r
as an estimate of p (e.g.. Peters & Van Vorrhis, 1940) but aside from

the fact that they produce poor approximations as p approaches unity

(Kelly, 1947), they- are of little value here since our interests lie

inrthe—reletionShip7exemp1ified—bp4rjrather tﬁanrby Pe

- If r is to be maximized, Figure 1 indicates the optimum value of

. CCS (forp = .95) is about .4 s.d. For lower values of p the optimum S
" “value of:CCS,increaseé—and at o = .50 it is about .8 s.d

The actual interpr:tation of xr of course depends on how tbe two i

both scales contain;

of observations}ralir’

- criterion £or evalu Fing

i this criterion vari

,value; Figure 1 showr
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~_true. “Hence,




Conclusions

) Neither the 5-category nor the 3-category scale is 0ptimal for

either _the prediction or the usual (pass -fail) ‘categorization problem,
N Every single-score grading system which must providn information for
77both of these objectives is a compromise. The pass-fail" marking V
:fsystems reduce the task of che instructor t N critical de-"

N cision rather than the four required for a d-tategory system ‘but at
the same- time act as- a filter for much of the predictive informationi
availible from classroom measures.; "Curving orades to fit a normal

distribution with a“ predetermined pass-fail 7oint :removes the re-z ’
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Suppose we wish to examine the -degree ‘to which grades given in the

first semester of a 2-semester course correlate with grades g;ven in
“In addition we*wish to determine

I oy

-+.e second semester of the course.
--what effect expressing the grades in- terms of stanine scores might have

7ion such a validity coefflcient. oL B

ineeaCh'case a raw score

it g 0 ‘M‘N g

) Four pairs of classes “were examined

b, ed on” the sum of- scores on all tes

Viiravallable. -A- stanine transformation was independently performed on..




for either grades or raw scores.

While stanine scores did not show uniformly h1ghest va11dity 7
coefficients “for these data they did account for an average of abodt
i 6/ more variance than grades did, This- 1mprovement over grades is
- probably due to the joint effect of increased numbers of categories
together w1th reduction in- nonlinearity of regression. A linear
- Atransformation of raw Scores: to a 9-category scale would not be
: 7xpected to have ‘the* latter benef1ts. An additional drawback of

:imple linear transformation is that it requires more - work than
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Maximum linear prediction, maximum total correct classifications for a group,
and maximum probability of correct classification for an individual are compared as
objective criteria for univariate grading scales. The goals of valid prediction
and valid classification are seen as leading to conflicting criteria. A compromise
measure consisting of a standardized score with variable pass-fail point is suggested.
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